In the course of our characterization studies on bioactive constituents from Salacia species (Hippocrateaceae), [1] [2] [3] [4] [5] [6] we have reported the isolation and absolute stereostructure elucidation of 13 megastigmane glycosides, 7 phenolic glycosides, and 11 triterpenes from the leaves of Salacia chinensis collected in Thailand together with 40 known constituents.
side (17, 0.00008%), 20) eugenyl vicianoside (18,0.00096%), 21) 2,6-dimethoxy-4-(2-propenyl)phenol 6-O-b -D-glucopyranosyl-b-D-glucopyranoside (19, 0.00011%), 22) coniferin (20, 0.00024%), 23) syringin (21, 0.0032%), 24) cis-syringin (22, 0.00024%), 25) dihydrosyringin (23, 0.00024%), 26) trans-psinapoyl-b-D-glucopyranoside (24, 0.00068%), 27) (E)-coumaroyl-1-O-b-D-glucopyranoside (25, 0.00026%), 28) 1-[(2Z)-3-(4-hydroxyphenyl)-2-propenoate]-b -D-glucopyranoside (26, 0.00005%), 28) myzodendrone (27, 0.00024%), 29, 30) hovetrichoside A (28, 0.00010%), 31) 4,7,9-trihydroxy-3,3Ј-dimethoxy-8-O-4Ј-neolignan-9Ј-O-b -D-glucopyranoside[7S, 8R-erythro form] (29, 0.00019%), 32) syringaresinol mono-b-D-glucopyranoside (30, 0.00049%), 33) eleutheroside E 2 (31, 0.00017%), 34) 7R,8S-dihydrodehydrodiconiferyl alcohol 4-Ob-D-glucopyranoside (32, 0.00028%), 35) (2S)-2,3-O-di-(9,12, 15-octadecatrienoyl)-glyceryl-b -D-galactopyranoside (33, 0.0066%), 36) and 1,2-di-9,12,15-octadecatrienoyl-sn-glycerol (34, 0.00023%). 37) Structures of Foliachinenosides, E, F, G, H, and I, and Foliasalaciosides J, K, and L Foliachinenoside E (1) was obtained as a colorless amorphous powder with positive optical rotation ([a] D 27 ϩ9.8°in MeOH). The IR spectrum showed absorption bands at 3400 and 1076 cm Ϫ1 assignable to hydroxyl and ether functions. The positive-ion fast atom bombardment (FAB) MS of 1 exhibited a quasimolecular ion peak at m/z 439 (MϩNa) ϩ . The molecular formula C 21 H 36 O 8 of 1 was determined from the quasimolecular ion peak and by high-resolution (HR) FAB-MS measurement. Acid hydrolysis of 1 with aqueous HCl (1.0 m) liberated D-glucose, which was identified in HPLC analysis using an optical rotation detector. 38) The 1 H-NMR (pyridine-d 5 ) and 13 C-NMR (Table 1 ) spectra of 1, which were assigned by various NMR experiments, 39) showed signals assignable to three methyls [ Hand 13 C-NMR spectra were similar to those of (1R,4R, 5R,8S,9S)-4,11,11-trimethyltricyclo[6.3.1.0. 1, 9 ]dodecane-5,8-diol 5-O-b-D-glucopyranoside 40) except for the 6-position. As shown in Fig. 1 , the double quantum filter correlation spectroscopy (DQF COSY) experiment on 1 indicated the presence of partial structures written in bold lines (Fig. 1) , and in the heteronuclear multiple bond connectivity spectroscopy (HMBC) experiment, long-range correlations were observed between the following protons and carbons: H-1 and C-8, 10; H-3 and C-15; H-5 and C-3, 15; H-7 and C-6; H-10 and C-1, 8, 13; H-12 and C-1, 10, 11, 13; H-13 and C-1, 10, 11, 12; H-14 and C-4, 5, 7, 9, 15; H-15 and C-3, 5, 14; H-1Ј and C-5. In addition, the enzymatic hydrolysis of 1 afforded an aglycon, foliachinenol E (1a). Foliachinenol E (1a) was ob- (Table 1) spectra 39) of 1a showed signals assignable to three methyls [d 1.00, 1.00, 0.99 (3H each, all s, H 3 -12, 13, 15)], two methines bearing an oxygen function [d 3.01 (1H, d, Jϭ8. 6 Hz, H-5), 3 .80 (1H, m, H-6)]. Comparison of the 13 C-NMR data of 1 with those of 1a indicated the presence of a glycosidation shift around the 5-position of 1. Thus, the planar structures of 1 and 1a were determined as shown. The relative stereostructure of 1 was elucidated by using the nuclear Overhauser enhancement spectroscopy (NOESY) experiment, which showed NOE correlations between the following proton pairs: H-1 and H-2b, H 3 -12; H-3a and H-6, 9; H-5 and H-7b, H-14b, H 3 -15; H-6 and H-9; H-7a and H-9; H-9 and H-10, H 3 -13; H-10a and Chart 2 H 3 -13; H-14b and H 3 -15. On the basis of this evidence, foliachinenoside E (1) was sesquiterpene glycoside possessing the rare tricyclo[6.3.1.0. 1, 9 ]dodecane skeleton and the structure of 1 was determined to be 4,11,11- C-NMR spectra were similar to those of clovane-2,9-diol, 41) except for the 14-position. As shown in Fig. 1 , the DQF COSY experiment on 1 indicated the presence of partial structures written in bold lines, and in the HMBC experiment, longrange correlations were observed between the following protons and carbons: H-2 and C-1, 4, 11; H 2 -6 and C-8; H-9 and C-11, 12; H 2 -10 and C-1; H 2 -12 and 5, 9, 11; H 3 -13 and C-3, 5, 14; H 3 -15 and C-7, 8, 9, 12; H-1Ј and C-14. In addition, the enzymatic hydrolysis of 2 afforded an aglycon (2a), which was identified to be (1S,3R,3aR,6S,7S,9aR)-decahydro-1-(hydroxymethyl)-1,7-dimethyl-3a,7-methano-3aH-cyclopentacyclooctene 41, 42) Comparison of the 13 C-NMR data of 2 with those of 2a indicated the presence of a glycosidation shift around the 14-position of 2. Next, the relative stereostructure of 2 was determined by using NOESY experiment, in which NOE correlations were observed between the following proton pairs: H-2 and H-3b, H 3 -13; H-3a and H6a, H 2 -14; H-3b and H 3 -13; H-5 and H-6a, H 2 -14, H 3 -15; H-6a and H-7a; H-6b and H 3 -13; H-7a and H-9; H-9 and H 3 -15. On the basis of this evidence, foliachinenoside F (2) was determined as shown. Fig. 2 . Finally, the enzymatic hydrolysis 3 with b-glucosidase gave an aglycon, foliachinenol G (3a), whose molecular formula 6, 11; H 3 -13 and C-4, 5, 6; H-1Ј and C-3. Thus, the planar structure of 6 was determined as shown. The relative stereostructure of 6 except for the 9-position was characterized by the NOESY experiment, which showed NOE correlations between the following proton pairs: H-2a and H-6, H 3 -12; H2b and H-3; H-3 and H-4b, H-5, H 3 -11; H-4a and H-6; H-4b and H-5; H-5 and H-7; H-7 and H 3 -11. Furthermore, the enzymatic hydrolysis of 6 with b-glucosidase gave an aglycon, foliasalaciol J (6a). Catalytic reduction of 6a yielded a known megastigmane, sarmentol B.
44) Consequently, 6 was determined to be (3S,5R,6R,7E,9R)-megastigman-7-ene-3,9, 10-triol 3-O-b-D-glucopyranoside.
Foliasalacioside K (7) 
The position of the glycoside moiety in 7 was clarified on the basis of the HMBC experiment, which showed long-range correlation between H-1Ј and C-3. Furthermore, on the basis of the DQF-COSY and HMBC experiments, the planar structure of 7 was determined as shown in Fig. 3 and found to be same as (3S,5R,6R,7E,9S)-megastigman-7-ene-3,5,6,9-tetraol 3-O-b-D-glucopyranoside 45) and kiwiionoside [(3S,5R,6R,7E,9R)-megastigman-7-ene-3,5,6,9-tetraol]. 46) Next, the relative stereostructure of 7 except for the 9-position was characterized by the NOESY experiment. Finally, enzymatic hydrolysis of 7 gave a known megastigmane, (3R,5S,6S,7E,9R)-megastigman-7-ene-3,5,6,9-tetraol (7a). 47) Consequently, the structure of 7 including the absolute configuration was elucidated and 7 was determined to be (3R,5S,6S,7E,9R)-megastigman-7-ene-3,5,6,9-tetraol 3-O-b-D-glucopyranoside.
Foliasalacioside L (8) C-NMR spectra were similar to those of 5,6-dihydro-5-hydroxy-3,6-epoxy-b-ionol, 48, 49) except for the around of the 9-position. The position of the glycoside moiety in 8 was clarified on the basis of the HMBC experiment, which showed long-range correlation between the 1Ј-position and the 9-position. Furthermore, on the basis of the DQF-COSY and HMBC experiments on 8, the planar structure of 8 was determined as shown (Fig. 3) . Next, the relative stereostructure of 8 except for the 9-position was determined by a NOESY experiment, in which correlations were observed between the following proton pairs: H-2a and H-3; H-2b and H-3, H 3 -11; H-3 and H-4a, H-4b; H-4a and H 3 -13; H-4b and H 3 -11; H-7 and H 3 -11, H 3 -12, H 3 -13. The configuration at the 9-position of 8 was characterized by comparison of the carbon signal of the 9-position in the 13 C-NMR spectrum (CD 3 OD) with those of known 9-hydroxymegastigman-7-ene 9-O-b-D-glucopyranosides. Namely, the 13 C-NMR signal of 9-hydroxymegastigman-7-ene 9-O-b-D-glucopyranosides, ampelopsisionoside (d 77.6) and lauroside B (d 77.0) with the 9R configuration were reported to be shifted downfield relative to those of lauroside A (d 74.8) and lauroside C (d 74.0) with the 9S configuration. 50, 51) The carbon signal of the 9-position on 8 was observed at d 78.1, so that the configuration of the 9-position was determined to be R form. Finally, enzymatic hydrolysis of 8 gave an aglycon, 5,6-dihydro-5-hydroxy-3,6-epoxy-bionol (8a), 48, 49) whose relative stereostructure was determined by X-ray analysis at its nitrobenzoyl derivative. Consequently, foliasalacioside L (8) was determined to be (3R*,5S*,6S*,7E,9R)-
Recently, we have reported the isolation and structure elucidation of several constituents with hepatoprotective effects from natural traditional medicine, Hedychium coronarium, 52) Camellia sinensis, 53) Sedum sarmentosum, 54, 55) and Rhodiola sachalinensis, 56) and Piper chaba. 57) Since the MeOH extract from the leaves of Salacia chinensis showed the protective effects on D-GalN-induced cytotoxicity in primary cultured mouse hepatocytes [inhibition: 26% (100 mg/ml, pϽ0.01)], the activities of the principal constituents, 3, 5, 9-34, were examined. As shown in Table 2 
Experimental
General Experimental Procedures The following instruments were used to obtain physical data: specific rotations, Horiba SEPA-300 digital polarimeter (lϭ5 cm); IR spectra, Shimadzu FTIR-8100 spectrometer; EI-MS and high-resolution MS, JEOL JMS-GCMATE mass spectrometer; 1 H-NMR spectra, JEOL EX-270 (270 MHz) and JNM-LA500 (500 MHz) spectrometers; 13 C-NMR spectra, JEOL EX-270 (68 MHz) and JNM-LA500 (125 MHz) spectrometers with tetramethylsilane as an internal standard; and HPLC detector, Shimadzu RID-6A refractive index and SPD-10Avp UV-VIS detectors. HPLC column, Cosmosil 5C 18 -MS-II (Nacalai Tesque Inc., 250ϫ4.6 mm i.d.) and (250ϫ20 mm i.d.) columns were used for analytical and preparative purposes, respectively. The following experimental conditions were used for chromatography: ordinary-phase silica gel column 14-1, Fr. 14-2, Fr. 14-3, Fr. 14-4, Fr. 14-5 (11.6 g), Fr. 14-6]. Fraction 14-5 (11.6 g) was separated with silica gel NH column chromatography [400 g, hexane-EtOAc (1 : 10, v/v)→CHCl 3 -MeOH (50 : 1→50 : 3→50 : 10, v/v)→MeOH] to give four fractions [Fr. 14-5-1, Fr. 14-5-2 (5.5 g), Fr. 14-5-3, Fr. 14-5-4]. Fraction 14-5-2 (5.5 g) was further isolated with reversed-phase silica gel column chromatography [160 g, MeOH-H 2 O (70 : 30→80 : 20→90 : 10, v/v)→MeOH→ CH 3 CN] to give five fractions [Fr. 14-5-2-1, Fr. 14-5-2-2, Fr. 14-5-2-3, Fr. 14-5-2-4, Fr. 14-5-2-5 (3. form] (29, 8.1 mg, 0.00019%). Fraction 4-7 (1.3 g) 6, 10.3, 10.2, 6 .5, 6.5 mg, respectively) and the solution was stirred at 37°C for 24 h (for 3, 7) or 48 h (for 1, 6, 8) . After EtOH was added to the reaction mixture, the solution was centrifuged at 4000 rpm for 10 min. 1H, m, H-2a), 1.41 (1H, m, H-7b), 1.50 (1H, m, H-2b), 1.54 (2H,  m, H 2 -10), 1.90 (1H, m, H-1), 2.01 (1H, m, H-7a), 2.18 (1H, m, H-9 8 mg) .
Hydrogenation of 6 A solution of 6 (1.4 mg) in MeOH (1.0 ml) was treated with 10% Pd-C (5 mg) and the whole mixture was stirred at room temperature under an H 2 atmosphere for 36 h. The catalyst was filtered off and the solvent was evaporated under reduced pressure to yield a residue, which was purified by HPLC [MeOH-H 2 O (40 : 60, v/v)] to give sarmentol B (0.5 mg).
Protective Effect on Cytotoxicity Induced by D-GalN in Primary Cultured Mouse Hepatocytes The hepatoprotective effects of the constituents were determined by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) colorimetric assay using primary cultured mouse hepatocytes. Hepatocytes were isolated from male ddY mice (30-35 g ) by collagenase perfusion method. 59, 60) The cell suspension at 4ϫ10 4 cells in 100 ml William's E medium containing fetal calf serum (10%), penicillin G (100 units/ml), and streptomycin (100 mg/ml) was inoculated in a 96-well microplate, and precultured for 4 h at 37°C under a 5% CO 2 atmosphere. The fresh medium (100 ml) containing D-GalN (2 mM) and a test sample were added and the hepatocytes were cultured for 44 h. The medium was exchanged with 100 ml of the fresh medium, and 10 ml of MTT (5 mg/ml in phosphate buffered saline) solution was added to the medium. After 4 h culture, the medium was removed, 100 ml of isopropanol containing 0.04 M HCl was then added to dissolve the formazan produced in the cells. The optical density (OD) of the formazan solution was measured by microplate reader at 562 nm (reference: 660 nm). Inhibition (%) was obtained by following formula.
inhibition (%)ϭ[(OD(sample)ϪOD (control))/(OD (normal) ϪOD (control))]ϫ100
Statistics Values were expressed as meansϮS.E.M. For statistical analysis, one-way analysis of variance followed by Dunnett's test was used. Probability (p) values less than 0.05 were considered significant.
